Differential activation of stress-responsive signalling proteins associated with altered loading in a rat skeletal muscle.
Skeletal muscle undergoes a significant reduction in tension upon unloading. To explore intracellular signalling mechanisms underlying this phenomenon, we investigated twitch tension, the ratio of actin/myosin filaments, and activities of key signalling molecules in rat soleus muscle during a 3-week hindlimb suspension and 2-week reloading. Twitch tension and myofilament ratio (actin/myosin) gradually decreased during unloading but progressively recovered to initial levels during reloading. To study the involvement of stress-responsive signalling proteins during these changes, the activities of protein kinase C alpha (PKCalpha) and three mitogen-activated protein kinases (MAPKs)--c-Jun NH2-terminal kinase (JNK), extracellular signal-regulated protein kinase (ERK), and p38 MAPK--were examined using immunoblotting and immune complex kinase assays. PKCalpha phosphorylation correlated positively with the tension (Pearson's r = 0.97, P < 0.001) and the myofilament ratio (r = 0.83, P < 0.01) over the entire unloading and reloading period. Treatment of the soleus muscle with a PKC activator resulted in a similar paralleled increment in both PKCalpha phosphorylation and the alpha-sarcomeric actin expression. The three MAPKs differed in the pattern of activation in that JNK activity peaked only for the first hours of reloading, whereas ERK and p38 MAPK activities remained elevated during reloading. These results suggest that PKCalpha may play a pivotal role in converting loading stress to intracellular changes in contractile proteins that determine muscle tension. Differential activation of MAPKs may also help alleviate muscle damage, modulate energy transport and/or regulate the expression of contractile proteins upon altered loading.